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ABSTRACT 

The feasibility of using steam as a desorbent for 
n-paraffins adsorbed on Linde Molecular Sieve-fA was investigated. 
The feedstock was kerosene obtained from Gujrat Refiner^’' and 
expariments x^ere conducted at tiro different temx^eratirces for a 
fi>ced feed rate. Desorption vrith steam was carried out repeatedly 
for a number of cycles without intermediate reactivation, 
Sxibstantial decrease in adsorption capacity of the sieves was 
observed. On reactivation, the sieves regained its original 
capacity. Performance of steam was ccanpared with n— pentane as 
desorbent. More work is required before steam can be recommended 
as a possible desorbent. Height of mass transfer zone was also 


calculated. 



CHAPTER 1 


INTRO DUCTION 

The development of an offecient and economic process 
to separate long straight chain paraffins was necessitated by 
tlie requirement of a suitable feedstock to produce biodegradable 
detergents, now almost mandatory in many pairts of the world. The 
use of n— paraffins as substrates for fermentation has a very high 
r>otontial in the i.)roduction of single cell protein^ (referred as 
*Petroj:>rotoins * ) for animal feeds. Besides this, n~paraffins 
are important raw materials for the synthesis of a variety of 
medicinal grade paraffins, plasticizers, fatty acids, secondary'' 
alcohols, olefins and aldehydes. 

In the last few years, the demand for the n— paraffins 
in India has steadily increased at the rate of 15% per year* As 
a result, largo amounts of n— paraffins had to be imported and in 
1980, the im]port was about half million tonnes. As the large 
percentage of the demand is represented by detergent usage, the 
rate of groxsrth in the future is lilcely to be modest, unless a 
substantial breaJethrough occurs in various fermentation 
applicat ions^ . 

All petroleum fractions contain varying amoxmts of 

n-paraffins; depending upon their source and boiling ranges and 

hence are the most promising feedstocOj: for n-parttffin recovery, 

3 

Chandra, et.al, have analyzed the various Indian crudes and 
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the corresponding 140-300°c cuts and Gujrat crudes have been found 
to be richest in n— paraffin content. 

The fractional distill<ation method is xxn suit able for 
separation of these n-paraff ins, on account of overlapping of 
boiling ranges with other type of hydrocarbons, TOrea adduct 
formation has been used to recover long straight chain paraffins# 
but the method has the disadvantage of higher operating cost and 
lower iDurity of n~paraffins recovered”^. 

Molecular sieve adsorption process is the most 
extensively used technicj;uo for soioaration of long straight chain 
paraffins from petroleum fractions containing isoparaffins# 
olefins# naphthenes and aromatics. The various commercial 
processes developed# using this technique# mainly differ in the ■ ; 
operating conditions during the adsorption step and the type of 
desorbent used. The various desorbents which have been tried are 
low boiling n-paraffin, ammonia# nitrogen# carbon dioxide 
and steam. 

The feasibility of using steam as a possible desorbent ‘ 
has not been exploited in great detail so far. If steam# which 
is cheaper# could be used for desorption then the sxabsequent i 

separation of the product n- paraffins would be easy, i 

In the present work# the effect of using steam as 
a de sorbent on the adsorption and desorption cycles has been 
investigated and its perfomiance compared with that of a low i 
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ng n-paraffin (n-pentaaie) , The studies were conducted on 
ght run kerosene obtained frcsn Gujrat refinery, which has 
dghest n— paraffin content in the country# Breakthrough 
is and adsorption capacities have been obtained for repeated 
Tption V7ith steam without intermediate reactivation of 
-ular sieves. The effect of adsorption temperature has also 
investigated. Height of mass transfer zone has been 
ul ated , 



Cl-iAPTER 2 


LITERATURE REV IEW 
8 

Barrer^ et.al. first discovered the ability of natural 
zeolites to selectively adsorb n— paraffins* They classified 
zeolites into three groups depending upon their ability to adsorb 
or exclude molecular species of a particular size- hence tiao name 
molecular sieves, 

Milton^ et.al. at Union Carbide in 1948 /V^ 3 ra succcssfv 
in synthesising molecular sieves in the laboratory. This v/as a 
major breakthrough in zeolite research and application. 

Zeolite molecular sieves are cri'stalline, hydrated 
aluminosilicates of group I and ii metals viz. Na,K,Mg,Ca and Da. 
Structurally, the frameworlc of zeolites is based on an infinitely 
extending throe dimensional network of AlO^ and SiO^ totrahodra 
linked to each other by sharing all the oxygens. The framew&ck 
consists of channels and interconnected voids, occupied by either 
mobile cations or water molecules* 

The structural formula of a zeolite is best expressed 
for the crystallographic unit cell as | (Al02)^(Si02) *|* WH2O 

where m is the cation of valence n, w is number of water molecules 
and the ratio y/x has values of 1-5 depending upon the structiaro. 
The sum (x+y) in the total number of tetrahedra in the unit cell. , 
The j" ■'» portion represents the framework composition^^. , 
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Zeolite A designates the synthetic zeolite^ 

^^12 ^2*^ prepared in the. Na 20 / Si 02 / 

■^^2^3' ^2^ system. The unicxue feature of the structure is 
its well defined channels running parallel to the cubic axes and 
having a minimum free diameter of 4,2 5, The structure consists 
of thiroe different type of cavities* The largest cavity can hold 
a sphere v/ith a diameter of 11,4 S, These largo cavities are 
linked up by eight memberod rings^ forming the unique main channels 
of the structure. The smallest isolated cavity is also nearly 
spherical of the order of 6,6 S, The free diameter of these rings 
has been fomd to be 2.5 The cationic exchange of Sodium with 

Calcium ions, enlarges the size of tliosc windows, enabling them to 
readily adsorb straight chain hydrocarbons, but exclude other type 
of hydrocarbons. Removal of water of crystallisation leaves a 
stable crystalline modification, consisting of mutually connected 
intracr/stnlline voids amounting to 45 volume percent of the 
zeolites. The type a zeolites have an internal surface area of 

700—800 sq,m,/g, and an external surface of 1-3 sq,m,/g. The void; 

3 

volurae is 0,35 cm /g. 

The uniformity of pore size enables it in sieving of I 
molecules. The mean cross sectional diameter of n-paraffin 
molecules is 4,9 S, whereas iso*-paraff ins and cyclic molecules 
have minimum cross-sectional diameter 5 to 6 S, The mean cross- ^ 
sectional diameter of naphthenes and aromatics is greater than ; 
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6 R, Thus under suitable adsorptive ccnditions/ if a mixture of 

of 

hydrocarbons is passed through a bed/ calcium exchanged zeolite A/ 
the n-paraffins will be selectively adsorbed by the bed^ all other 
hydrocarbons will pass unadsor^jed^ 

Major ccxnne rical processes using this tecl'inique are 

Union Carbide's Isosiv Process^^z UOP*s Molex Process # British 

Petroleum's Process^^ and Texaco's Spectra Finisliing Process « 

Except for the Molex process^ all others operate londer vapor 

phase and use the fi:>ced bed cyclic adsoarption technology* The 

various processes differ appreciably in the operating conditions 

during the adsorption step and the type of desorbing fluid used 

to recover the product n*»paraffins* Desorption fluids mentioned 

i 4 *1 5 

in the literature are lo^^r boiling n-paraffins / ammonia , carbon 

7 1 Q , _ 1 9 

dioxide^/ steam # nitrogen and liquefied petroleum gas • 

The desorption step of the process is most inefficient 
step. Generally/ the adsoription part of any process cycle occurs 
very rapidly. The various jarocess cycles can be conveniently 
classified into four types^'^ as follows s 

Thermal Swing Cycle t It operates between different 
temperature levels for adsorption (the lov^er temperature) and 
desorption (the higher temperature)/ i.e, between two isotherms. 
The thermal swing cycle enables high adsorbent loadings* but a 
cooling step is required to cool the bed. The adsorbing capacity 
in one cycle is the difference in loading at the two different 
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temperatTjre s * 

2, Pressure Swing Cycle i The process operates at essentially 
isothermal conditions between two pressures. The adsorption 
pressure is always higher than the desorption pressure. Additional 
adsorbate may be recovered by vacuvim desorption, 

AS no heating and cooling is required^ the cycle time 
is short in this case, reducing the size of adsorbent bed, 
Stjbstantial amotint of compression energy is required, 

3, Purge Gas Stripping Cycle ; A nonadsorbable purge gas is used 
for desorption. The purge gas reduces the partial presstree of 
the adsorbed species^ forcing desorption. The desorbed material 
is carried off by the purge gas. A condensable purge gas is 
preferred for the sake of recycling, 

4, Displacement Cycle ; An adsorbable fluid or vapor displaces 

the material already loaded on the bed. This fluid needs separation 
from the adsorbate products. If the displacement fluid is more 
strongly adsorbed than the adsorbate on the bed# it is adsorbed 
displacing adsorbate on the bed. Under this condition# no 
stripping action due to reduction in partial pressure occurs. If 
a less strongly adsorbed fluid is used# the desorption occurs 
due to a cxxnbination of displacement and the purge stripping 
actions. The use of a more strongly adsorbed displacement fluid 
adds the additional problem of removing it in the process cycle. 

Most commercial pixic^sses use low boilir^ n*»paraffins 
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as the de sorbent*. As mentioned earlier^ if steara could be used 
as the desorbing fluid, substantial savings in raw material and 
separation costs vrauld be reali2ed. Very little data is available 
on tiie feasibility of using steam as a desorleent, Galich,et,al»^*^ 
used steam for desorption for a gasoline fraction, hoxvever the 
effect of steam on adsorption and desorption cycle was not 
irwestigated. Investigations at ESSO^'^, indicate.- that molecular 
sieve life is extended by lo^jer boiling olefins rather than 

steam os a desorbent. With propylene as a desorbent, no change 
in adsorption capacity was observed after 16 cycles, whereas with 

steam, the sieve capacity was reduced to tv/o—third of the fresh 

* ■ ' 1 R 

sieve after 3 cycles. Saraf, ct.al. have used steam as a 

desorbing fluid to recover n-paraffins from diesel oil* Steana 

was found to be a prcrolsing desorption fluid, hoi.irevcr the effect 

of steam on continued adsorption and desorption was not studied* 

There is no data on the effect of continued use of 
steam on the adsorption and de .sorption and this study was 
undertaJeen to investigate the feasibility of using steam as 
desorbent and its effect on the molecular sieves. 



CHAPTER 3 


EXPERS^iENTAL INVESTIGATION 

Exporlmorifcal Set-Up : 

The schematic diagram of the experimental set-up used 
is shown in figure 1* 

The diameter of the fixed bed was selected frcm the 
pressure drop considerations* The adsorbent column used in the 
set— up was a 82 cm* long^ 4*45 cm* 0*D» and 3*7 cm* 1*D, S*S« 
pipe packed with 650 grams of Linde Molecular Sieve 5A/ in the 
form of 1/16" pellets of porosity 43% and bed diameter to pellet 
diameter ratio of 24* The column had appropriate inlet and 
outlet connections* 

The coltimn was placed in an electrically heated veirtical 
tubular furnace# made from a 2 ^'* I*^* and 32" long silliminite 
tube. Since it was difficult to maintain uniform temperature 
over the entire length, the fximace was divided into two 
independently heated sections. Both the sections were wound 
with 16 gauge nichrome wire of resistance 20 ohms* The chromel- 
alumel thermocouples were inserted from the top of the column 
at one third distance from each end of the column (at 11" and 24" 
from the top), touching the outer surface of the adsorbent colurrn, 
The temperature was manually controlled within + 5% with the help 
of thermocouples in conjunction with a 0-15 mV milUvoltmeter. 

The feeding of kerosene was done by pressiirizing it in a 
feedtank with nitrogen. The feedtank was a stainless steel 
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pipe, 12” long and 4%” 0,D. (4” I*D,), Appropriate inlets and 
outlets for nitrogen gas and liquid kerosene were provided. 

The kerosene was vaporized and preheated in a vaporizer. 
The vaporizer consisted of a coil of copper tubing of 1#8 met:rs 
lengtn. The coltrun was ]cept inoido a Lindberg furnace (type--54241) 
supplied with a precise automatic controller. As the automatic 
controller was not working properly, the temperature was controlled 
manually i/ith the help of a 15 amp, variac and a 0~15 mV rnillivoltmete 
The feed flov7 rate was measured with a precision rotameter supplied 
by F,W* Dv;yer Manufacturing Co,, x/ith the range of 10~50 cc, of 
water per minute, it was api^ropriately ca liberated for kerosene 
feed. 

Steam . for desorption was generated in a boiler^' vriiich 
was locally constructed. The boiler was fabricated of a cast iron 
shell of 40 Cm, 0,D. Pour 3 kw immersion heaters supp^lied by 
Escorts (txTO working and two standby) were used for the purpose of 
generating steam. Suitable mountings and acaecories such as 
pressure gauge, safety valve, x-7ater level indicator, gate valves for 
steam outlet and water drainage were also provided. 

Two vertical glass condensers in series, aaae Ih ft long 
and the other 1 ft long were used to condense product n-paraffins ' 
and the desorbent steam* A horizontal glass condenser was used 
to condense the denormalised Icerosene during adsorption step, ice 
water was circulated in the condensers by a % hp pump. 



The entire steam line and feed line after vaporizer 
was heated with heating tapes and vj’rapped with insulating rope in 
order to prevent condensation in the line. 

Expo r irac nt a 1 P rocedure : 

The feed tonic xras charged X'/ith liquid Iccroseno and 
pressurized x/ith nitrogen gas. The flow rate was regulated using 
noodle valve no, 4# and x-zas measured xzith the rotameter. The 
tomporaturo of the vaporizer colxmn x-zas maintained same as that or 
the adsorption column. The effluent stream fran the adsorption 
colxjmn was condensed in condenser nxjmber.Kfc and sampled at rogulcxr 
intervals. Feeding was stopped after sufficient time had elapsed 
for the breakthrough to be achieved. 

After termination of the adsorption cycle, the adsorption 
column was purged x-zith nitrogen for two minute in the same direction 
to sxzoop away the xonadsorbed feed in the colxamn. Steam was used 
for desorption in a countercurrent direction by closing the valve 
numbers 5&8 and opening valve numbers 6 & 7 • The condensed 

stream from condenser j numlaers 14&15 was withdrawn every minute. 
The absence of a condensed organic l^er during a particular time 
interval marked the end of desorption. Condensed ^nd organic 

layer were separated by a separating fxonnol. Steam rate was 
determined by measuring the volurae of condensed steam. Mass balance 
on the feed was made for each run by noting the weight 
product obtained and weight of the denormalised stodc. 


of the 



Desorption with n-pontane v/as carried out cocurrently/ 
n-pontano iDOing charged from IcGrosene feedtarfe* 

After a certain number of adsorption and desorption 
cycles, the adsorbent bed was reactivated by heating at 400°C for 
4 hours, follow ?ed by slow cooling to the operating temperature in a 
stream of nitrogen. 

Ana lysis; 

For determining tlie n~paraffin content of the samples, 
the refractive index v/as correlated with the n— paraffin content 
of the samples and a linear relationship was observed. For some 
runs, the n—paraffin content as determined fraa refractive index 
measurements was checked with the valves determined, using urea 
adduct method and in all cases the value was v/ithin + % and so 

for sulcsequent runs, refractive index was used to monitor the 
breakthrough curves and to determine the purity of the n-paraffins 
recovered. The caliberation curve is shown in figure a- 1 of 
the apiXJndix, The refractive index of the effluent from condenser 
number 16 'was monitored at regular intervals. As tire refractive 
index is a strong function of temperature, the temperature of 
Abbe refractrcimeter__used, Xiras maintained at 25 ®C, with the help 
of a thermostat, 

22 

For urea adduct analysis of n-paraffins, a known 
weight of sample was placed in a weighing bottle and stirred for 
one hour with an excess amount of AnalaR grudo urea on a Remy 



magnetic stirrer. The sample was moisteiied with methanol. The 
solid adduct was washed with benzene and fiUtorod, The precipitate 
was dfeconposGd with water. The organic layer was extracted vjith 
diethyl other and dried with granular CaCl 2 « The straight chain 
hydrocarbons thus obtained were analyzed by weighing. 

Materials ? 

All studios vrcre mode with straight run kerosene as 
foodstoclc. The kerosene was obtained from Gujrat refinery/ ’tdiich 
processes AnJclcshwar crude. The boiling range of the foodstoc]'C 
was 140-300'’C and the n-paraf£in content/ smoJee jpoint and density 
wore 38,68% w/w# 24 and 0,7970 gm/cc respectively, LMS~5A/ 
supplied by union Carbide x/as used as the adsorbent. Other chemical 
used/ such as urea/ methanol/ ether solvent/ anhydrous calcium 
chlorido/ n-pentane wore of analytical grade* 
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RESULTS AND DISCUSSION 

For all the runs, the kerosene feed rate was kept fixed 
at 8*0 cc./min. In order to get substantial loading in a reasonable 
time* To study the effect of temperature, the experiments were 
conducted at 200° and 250° C, For a particular run, both the 
adsorption and desorption \7ere carried out at the same temjperature. 
Steam rate was kept either at 25,0 gm/min. or 15*0 gm,/min* To 
study the effe'ct of number of desorption cycles on adsorption, 
after the desorption v/as complete, the feeding of kerosene v/as 
again started and the procedure repeated* After a certain number 
of desorption cycles only, the bed was reactivated. 

Mass balance on feed kerosene was made for each run* 
The mass balance closure v;as always less than 100% presumably 
due to some losses in the fittings, connecting lines and tlie 
condensers. The material balance varied betv^een 93,5-99,45% for 
all the rtins. 

The effect of number of desorption cycles without 
intermediate reactivation on breakthrough curve using steam as 
the desorbing medium at 200°C and 250°C is shown in figures 
2 and 3 respectively. The exact breakthrough point could not be 
determined because some tiiue v/as talcen to fill the connecting 
lines and condenser frem the outlet of the column to the sampling 
point. Although the residence time of the kerosene in the column 
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-Breakthrough curves at 200®C. 
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V7a3 ax)'jro::imately 15-18 seconds, the first drop at the sampling 
ipoinh could be collected only after 4—6 minutes* 

Comparing breakthrough curves for the first cycle at 
200®C and 250°C in figures 2 and 3 respectively, it can bo seen 
that at the highei- temperature, the slope of the brcaJcthrough 
curve is more and the sieves are sattirated faster. This 
is because rate of mass transfer increases x^ith temi^erature, 
Furtlior, the breakthrough time reduces with increasing number of 
cycles, or in other v/ords, the adsorption capacity decreases. 

The variation in adsorption capacity with number of desorption 
cycles is shown in Figure 4, For comparison, the adsor}ption 
capacity using n- pentane as de sorbent is also shown. 

The adsorption capacity continuously decreases with 
the numlx-T of cycles and at 250°C after 10 cycles, the capacity 
is only 22,5% o-f the fresii sieves. The decrease in adsorption 
cap '.city is higher at lov^er temperature. For example, after 
5 desorption cycles at 200°C, the capacity decreased by 
approximately SO'/-, ccxnpared to a decrease of 36% at 250 C for the 
same number of cycles* When the sieves were reactivated afi-er 
10 cycles and the adsorption repeated, the adsorption capacity 
was found to be almost the same as that of the fresh sieves* No 
change in adsorption capacity V7ith the number of cycles was 
observed for n-pentane desorption. This indicates that the 
sieves are not permanently daraaged by using steam. It seems that 



250°C, n-pentanc 
200°C, steam 
250“C, steam 

After reactivation at 250°C 



Variatior cf adsorption canacity witr cycle number. 
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during desorption sono water is irreversibly adsorbed# thus 
reducing the capacity and the concentration of water in the 
sieves keeps on building v:ith the number of cycles* At lovjer 
temperature# the amount of water retained in the sieves v/ould 
j^e more and the adsorption capacity would fall at a steeper rate 
as experimentally observed. During reactivation (after 4 cycles 
at 200°C)# some water was expelled from the sieves# v/hich was 
aporo:cimataly 3,82 gm, i.e, 0,33 mmol/gm of sieve. 

It has been observed that the adsorption on molecular 

sieves is affected by proadsorption of polar molecules. When 

small amounts of water or ammonia were xareadsorjoed on a dehydrated 

10 

zeolite# the adsorption of oxygon was drastically reduced , 

This was explained by postulating that strong reaction between 
tiie mobile cation and the dipole moment of ammonia orwater produces 
a diffusion block by clustrincj of water or ammonia molecules 
about tJio Cation in the cliannols. Not much data is available on 
the adsorption isotherm of v/ator on LMS-Sa at 200~250°C, However# 
similar blocking of cation centres has been reported for NaX 
zeolites 

No appreciable change in either adsorp>tion caxoacity, 
brealtthrough time er desorption time was obse3rved with repeated 
desorption without reactivation with n-pentane. The characteristic 
of the column when n-pchtano is used as the desorbent are shown in 


Table 1 



T/iBLE 1 


n-PEtlTril-JE DESORPTION C!iA.Rr.CTERISTTCS 

" * ” - II f - I I — I r II I I -- II 


Exhaust Time 
Desorption Time 
Product Recovered 
Recovery 

Average Adsorption 
Capacity 


21 minutes 
14 minutes 
22,31 gm* 

42,92% 

4,88 gm/100 gm of M,S, 
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Tabic 1 shows ti^c time required for desorption v/ith 
n--}Xintarie is r‘.:duccd coiiparcd to steain desorption. The 
displacovaont desorption using an adsorbable medium (n~pontane), 

'trhicii is less strongly adsorbed than the material being desorbed 
involves tvxo primary driving forces; 

1. The svKJeping effect of the desorbing medium flowing tlirougii 
sieve bud causes desorption in the same manner as \irhon sv/eeping 
'.d.th a non- adsorbable medi’um* 

2, The n-pentano in the desorbing medium^ although loss strongly 
adsorbed, is present in_ lai'gc excess during the desoxqation step 
and tend to ]De adsorbed, displacing the product n-x:)araf fins from 
the sieve. 

Due to this effecient dual action desorption mechanism* 
relatively rapid rates are possible. Also, since n-pentane in the 
desorbing medium is loss strongly adsorbed than the n-paraffins 
in the feed stock, the desorbing medium n-pentano loaded on the siev 
folio’ ’ing the desorption stc]p is readily displaced by the product 
n— paraffins during the next adsorption stoxa, thus comxaleting one 
cycle . 

The breakthrough curves obtained at 250°C with n— xxantano 
desorption are shovm in figure 5. It can te seen that there is 
no aiapreciable change in the breakthrough characteristics with 
the number of cycles. 
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ThG breakthrough curvos at 250°C v;ith stcarn rate being 
Icept at 15 gm/rain is shoun in figure 6. The curves arc almost 
similar to those obtained \7ith steam rate of 25 gm/min. This 
shov/s that the steam rate does not have any marked effect on the 
breakthrough char acteri sties. 

For some runsy the leurity of the product n-paraffins 
was determined using urea adduct method. It xi;as found to bo 
bctvTeen 93-96%, which is the purity generally obtained in 
commercial molecular sieve col-umn* 

The recovery of ' n~paraf f ins in different cycles at 
different conditions is siiox-m in table 2, The recovery is 
affected by the operating temperature, cycle nuraber and the typo 
of desorbent used. The recovery varies between 50,26% in the case 
of first cycle after reactivation and 17,77% after 10 cycles at 
250°C. At 200®C, it is bctx.-cen 47.91% and 35.54%. With n-pentano 
as desorbent, the recovery is 42,92%, 

The desorption time required in different cycles vzith 
steam at 200° C and 250°C is shovm in figure 7, The desorption 
time continiously decreases x/itli cycle number, because of lesser 
loading with increasing cycle number. 

Calculation of Height of Mass Transfer Zo ne : 

The fixed Ix;d adsorption performance can be correlateo 

24 

by the mass transfer zone (MTZ) model, as proposed by Michaels • 
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-Breakthrough curves at 250°C with steam rate 15 ^ 2gm / min 
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TABUS 2 

RECOVERY OP n.^PARJ'.FFINS IN DIFtTlRENT CYCLES 


Temperature 250°C 

Cycle 

nuiTiber 

Exhaust time 
minutes 

n-Paraffins 
in feed^gm. 

Product 
re cove red , gm . 

Recovery 

% 

1 

21 

51*98 

26.13 

50,26 

2 

21 

51.98 

25.82 

49.67 

3 

21 

51.98 

23.21 

44,65 

4 

21 

51.98 

23.41 

45.03 

5 

18 

44*60 

20.76 

46 #54 

6 

15 

37.13 

14.68 

39.53 

7 

15 

37.13 

14.65 

39.45 

8 

15 

37.13 

10.56 

28.43 

9 

15 

37.13 

9.30 

25.04 

10 

12 

29.70 

5.28 

17.77 


Temperat' 

ure 200®C 


Cycle 

number 

Exhaust time 
minutes 

n-parxafins n-paraffins Recovery 

in feed.qm. recovered,, gm. __ 


24 

59*41 

28.47 

47,91 

24 

59.41 

27,63 

46.50 

21 

51*98 

23,54 

45.28 

21 

51.98 

19.30 

37.12 

18 

44.60 

15.84 

35.54 


5 







250°C, steam rate 25gm/mir 
250°C,n-pGntane 


2 % 



-Desorption time in different cycles. 



TliG model makes no pressumption regarding the controlling 
adsorption rate mechanisra* This model is based on the existence 
of an exchange zone of constant length across which the fliij.d 
concentration changes from 5 to 95%, This zone is established 
at the top of the colimn and is assumed to move dovm the coluran \j1 
a constant velocity, Tho zone formation tlimo is assumed 
proportional to the fractional saturation of tho adsorbent v/ithin 
the zone at tho breakthrough point. The concentx'ation profile 
of adsorbed species in tho adsorbent bod is of a constant pattern 
till the adsorbate breaksthcough. The zone height ?! is then 
expressed by the equation 






( 1 ) 


Where H is the total bed height. Q is the exhaust 
1 £ 

time, is bro alcthrough time and F is the fractional ability of 
the adsorbent v/ithin the adsorption zone to adsorb additional 
solute, F can be obtained by graphical integration of tho 
exxxirirnontally obtained broalcthrough curves. 

To get an idea about tho height of mass transfer zone, 
H was calculated using equation (1) and exporiimcntally obtained 
breakthrough curves. The variation in the values of K with 
cycle number and temperature is shown in Table 3, The height of 
rm ss transfer zone should actually increase for reduced loading 
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T7.BLE 3 

C/.LCULSiTION OF liElGHT OF M7^S TRTvNSFER 20I-I B 




Cycle 0 , 

n'ur.'.lx^r 

minutes 

minutes 

B 

F 

H 4 CTO. from 
^ equationCl) 

T<~.i:i',53rat;:rG 

250®C 




1 

21 

4.0 

0.62 

95.87 

3 

21 

3.5 

0.70 

91.11 

5 

18 

2.5 

0,64 

102.33 


15 

2,0 

0.76 

89.73 

10 

12 

1.0 

0,80 

91,48 

Tor.iP'Crature 

200°C 




1 

24 

2,0 

0.66 

108.67 

3 

21 

1.5 

0*72 

102.93 


5 


10 


1*0 


0.69 


110.11 



au 


on uiiu ooivoG and tharoforc uith tho cycLo niomber* Hoi’/evor, the 
njod'.l c;ui:iol; }>.j ro jc cizod outright because of diffictilty in 
•jx.'.t.uly loc.;icing tho broaktlirough time, Bro ale through time,© 

13 

d .Cv.’ri'iiiiiod by extrapolating tho exj^eriraontal breaJethrough 
cui-V'.-u,., Eqxiacion (1) ia very'' sensitive to tiio numerical valuo of 
anti .\jncc any error in determining it may result in an 
incc)rrcct conclusion. For example, if © is talccn as h minute 

B 

instead of 1 minute in 10th cycle at 250®C, (F being talcen as 
same) fclic comes out as 97,22 era, xdaich is more than the value 

of in tho first cycle. The height of na ss transfer zone at 

250°C and 200°C as shovjn in Table 3, is alvrays more than the bod 
hoigiit, which is 0.82 m only, a longer column is required for 
correct interpreation of the results. 



CHAPl’ER 5 


CONCLUSIONS AIJD RSCOM-ffiI\TDATIOKS 


The effect of steam desorption on molecular sieve 
adsorption of n-parafflns had been studied using the adsorptive 
column of LMS— 5 a* The feedstock was straight run kerosene 
( 140-300°c ) obtained from Gujrat Refinery* The experiments 
were conducted at two different temperature for a fixed feed 
rate. Repeated desorption vrith steam without intermediate 
reactivation was tried* The performance of steam as desorbent 
was compared to that of n-pentane, Hio significant results 
obtained from the experiments arej 


1* Adsorption capacity decreases with cycle number. The 
decrease is more at lower temperature.*, 

2, Reactivation restores the original capacity of the sieve 
bed to adsorb n-paraffins* 

3, Adsorption capacity does not fall^ with the continued use 
of n-pentane as desorbent, 

4, Desorption time is less with n— pentane. 


In the present study the performance of n-pentane 

is found to be superior to that of steam* However# if the 

molecular sieves can be modified to reduce the equilibrium 

loading of water at desorption temperature# then steam can be 

arecommended on grounds of lower cost ani easier separation from 

product. More work is required before such a recommendation can 

be made. IIK HAHPm 

4^ i H/U, ' 






CHAPTER 5 


CONCLUSIONS AND RECOM'/ffilSIDATIOHS 

The effect of steam desorption on molecular sieve 
adsorption of n-paraffins had been studfed using the adsorptive 
Column of LMS— 5 a* The feedstock was straight run kerosene 
( 140-300°c ) obtained from Gujrat Refinery* The experiments 
were conducted at two different temperature for a fixed feed 
rate. Repeated desorption vrith steam without intermediate 
reactivation was tried* The performance of steam as de sorbent 
was compared to that of n-i'xsntane, *iaici significant results 
obtained from the experinaents ares 

1, Adso2p>tion capacity decreases with cycle number. The 
decrease is more at lower temperaturo*, 

2, Reactivation restores the original capacity of the sieve 
bod to adsorb n~paraf fins, 

3, Adsorption capacity does not fall#, with the continued use 
of n-pentane as desorbent, 

4, Desorption time is less with n— pentane. 

In the present study, the performance of n-pentane 
is found to be superior to that of steam* However# if the 
molecular sieves can be modified to reduce the equilibrium 
loading of water at desorption temperature# then steam can be 
reconmended on grounds of lower co^st and easier separation from 
product, Mo 3 re work is required before such a recommendation can 
be made. 
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Rg ccgnnend at ions ; 

1* ValuGs of the height of mass transfer zone and mass transfer 
coefficient strongly depend on the ra ture of breakthrough curves* 
Some modifications in the experimental set-up and method of analysis 
is required in order to get accurate breakthrough curves, A longt;r 
colmn (2-3 meters) together with minimum volume in connecting 
lines and fittings should be used. Suitable GLC column should be 
developed to analyze the hydrocarbons in the kerosene range. Such 
an analysis will be helpful in obtaining exact breakthrough data 
and checking of purity of the prx)duct, 

2, More data should be obtained with varying temperatures and 
feed rate. The effect of steam rate should be analyzed more 
clearly by carrying out desorption at different steam rates, 

t 

3, Paressure is an important parameter in adsorption and desorption 
studies. Its effect should be checked, 

4, The performance of steam should be compared with other 
do sorbents such as ammonia# carbon dioxide and LPG, 

5, Some experiments should be carried out with naphtha and HSD 
to see the effect of feed concentration on recovery. 
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7VPPEI®IX 


BXPBRIMEHTAL RESULTS 


Kerosene Ifeed Rate 
Temperatiire 
Steam Rate 

Cycle 1 

Time, Minutes 
6 
7 

10 

12 

15 

18 

21 

24 

Denoxmalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 


See, /min* 

250°C 

25+2 gm*/min» 

Refractive Index 
1*4530 
1,4502 
1*4478 
1*4423 
1.4416 
1*4407 
1.4406 
1.4406 

120*11 gm* 

26*13 gm* 

6*76 gm# 

5*06 gmw'lOO gm# of M.S 
26 minutes 


i 



36 


Cycle 2 

Time, minutes 
6 
7 

10 

12 

15 

18 

21 

24 


Ref Index 
1.4528 
1,4493 
1.4461 
1,4428 
1,4415 
1.4411 
1.4405 
1.4405 


Denormallzed Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 
Purity 

Cycle 3 

Time, minutes 


6 

7 


lo 

12 

IS 

18 

21 

24 


Exp erimeiita3J-y obtained 
n^Paraffin, wt,% 

urn 

15.72 

21.74 

29,22 

32.68 

38.10 

37.65 

37,39 

122,73 gm, 

25,82 gm. 

i 

4,45 gm. 

4,65 gm,/100 gm. M.S. 

25 min, 

96,07% 

Ref * Index 
1.4498 

1,4478 I 

1,4454 I 

1.4419 I 

j 

1,4409 I 

1.4407 

I 

1.4405 

1.4405 I 
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Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 
Purity 


125.51 gm* 

23i21 gm« 

4 *28 gm* 

4*23 gm^lOO gm* M*S* 

24 minutes 

95 ^ 4 % 


Cycle 4 


Time, minutes 
6 
7 

10 

12 

15 

18 

21 

24 


renormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 
Purity 


Ref* Index 
1*4495 
1*4485 
1*4453 
1*4422 
1*4410 
1.4408 
1.4405 
1.4405 
125*78 gm, 

23*41 gm* 

3*81 gm* 

4*18 gm*/100 gm*M.S, 
24 minutes 
93*2% 
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minutes 

6 

7 

10 

12 

15 

18 

21 

24 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 

T$me, minutes 

5 

6 
7 

10 

12 

15 

18 

21 


Ref, index 
1*4481 
1.4468 
1.4435 
1.4416 
1.4409 

1.4405 

1.4405 

1.4405 

128,^30 Qm. 

20.76 gm. 

3 .94 gm. 

3.8 gm*/100 gm. M.S. 

22 minutes 

Ref* Index 
1.4445 
1.4434 
1*4426 
1*4410 
1.4407 

1.4405 

1.4405 

1.4405 


24 


1.4405 





iycle 7 


Cycle 8 


Denaormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 

Time, minutes 

5 

6 
7 

10 

12 

15 

21 

24 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 

Time, minutes 
6 
7 


135.41 gm. 

14.68 gm. 

3.91 gm. 

2.70 gm./lOO gm. M.S. 

18 minutes 

Ref .Index 
1.4446 
1.4433 
1.4428 
1.4412 
1.4408 

1.4405 

1.4405 

1.4405 

137.12 gm. 

14,65 gm, 

1,23 gm. 

2*44 gm./lOO gm.M.S. 
18 minutes 

Ref. Index 
1 ,4442 
1.4435 
1,4429 


10 



12 

IS 

18 

21 

Denormalized Stock 
Product Collected 
Losses 

Adsorx^tion Capacity 
Desorption Time 

Cycle 9 

Time^ minutes 

5 

6 
7 

10 

12 

15 

18 

21 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Ife sorption Time 


1.4410 

1.4405 

1.4405 

1.4405 

140.20 gm. 

10*56 gm. • 

2,24 gm. 

1,97 gm,/100gm,M,S 
16 minutes 


Ref, Index 
1 .4440 
1.4431 
1.4435 
1.4415 
1.4408 
1.4405 
1.4405 
1.4405 
142.86 gm. 

9.30 gm* 

0.84 gm* 

1.56 gm./l00gm.M,S 
15 minutes 



Cycle 10 

Time, minutes 

4 

5 

6 
7 

10 

12 

15 

18 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 

n^Paentane Desorption at 250°c 
Cycle 1 

Time, minutes 
6 
7 

10 

12 

15 

18 

21 

24 


Ref * Index 
1.4437 
1.4424 
1.4418 
1.4414 
1.4410 
1.4406 
1.4405 
1.4405 
145,60 gm, 

5,28 gm, 

2,12 gm. 

1.14 gm,/l00gm.M,S, 
11 minutes 


Ref .Index 
1.4532 
1.4506 
1,4479 
1,4424 
1.4415 
1.4408 

1.4405 

1.4405 



Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 

cle 2 

Time, minutes 
6 
7 

10 

12 

15 

18 

21 

24 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 

'cle 3 

Time, minutes 
6 
7 
10 


121,30 gm, 

22,48 gm. 

9,22 gm, 

4,87 gm./lOOgm, M,S, 
less than 15 minutes 

Ref . Index 

1.4529 
1.4505 
1.4480 

1.4426 
1,4416 
1,4410 
1,4405 
1,4405 
120.80 gm. 

22,20 gm* 

10,0 gm. 

4,95gm./100 gm, M.S, 
14 minutes 

Ref .Index 

1.4530 
1.4509 
1,4482 

1.4427 


12 




yycle 4 


15 

18 

21 

24 

Denomalized Stock 
Product Collected 
Losses 

Adsorpticsn Capacity 
Desorption TJutie 

Tine, minutes 
6 
7 

10 

12 

15 

18 

21 

24 

renormalized Stock 
Product Col2e cted 
Losses 

Adsorption Capacity 
Desorption Time 


1.4416 
1.4410 

1.4405 

1.4405 
121.05 gm. 

22*42 gm. 

9*53 gm. 

4,91 gm./100 gm.M.S, 

14 minutes 

Ref .Index 

1.4529 

1.4510 

1.4485 

1.4428 

1.4415 

1.4409 

1.4405 

1.4405 

121.18 gm. 

22.20 gm. 

9,62 gm, 

4.89 gm./lOO gm.M.S. 

15 minutes 




Time, minutes 
6 

7 

8 

10 

12 

15 

18 

21 

24 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 



10 

12 


15 


46 


Ref .Index 

1.4533 

1.4507 

1.4479 

1.4422 

1.4414 

1.4407 

1.4405 

1.4405 

1.4405 
121,70 gm. 

22.25 gm. 

9.05 gm. 

4,78 gm./lOO gm,M.S. 
14 minutes 

250^0 

Ref, Index 

1.4536 

1.4502 

1.4475 

1.4440 

1.4417 


1,4409 



18 


1.4405 


21 

24 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 


1.4405 

1.4405 
120,34 gm, 

26,15 gm. 

6,51 gm, 

5,02 gm,/100gin,M,S 
24 minutes 


Time# minutes 
5 

7 

8 

10 

12 

15 

18 

21 

24 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 


Ref .Index 

1.4528 

1.4505 

1.4470 

1,4434 

1,4414 

1.4405 

1.4405 

1.4405 

1.4405 

25,06 
8.61 gm. 

5,11 gm./100 gm.M.S. 
22 minutes 





3ycle 3 


CyclQ 4 


Tlnie, minutes 
5 
7 

10 

12 

15 

18 

21 

24 

15eno3nnali2ed Stocik 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 

Time, minutes 
5 
7 

10 

12 

15 

18 

21 


Ref. Index 

1.4S24 

1.4494 

1.4465 

1.4433 

1.4418 

1,4410 

1.4405 

1.4405 

123.81 c]m. 

22 .96 cfm. 

6 .2 3 Qm . 

4.49 gm./100 gm. M.S. 

18 minutes 


Ref, Index 

1.4508 

1,4490 

1.4462 

1.4420 

1.4417 

1.4405 

1.4405 
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Denrcanalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 

Cycle 5 

Time, minutes 
5 
7 
10 
12 
15 
18 
21 
24 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 

Steam Desorption^ Steam Rato 25 + 
Cycle 1 

Time^ minutes 
5 


127*40 
18*88 gm* 

6*72 gm* 

3*93 gm*/100 gm,M*S* 
17 minutes 

Ref. Index 

1*4486 

1.4470 

1,.4438 

1.4420 

1,4408 

1.4405 

1.4405 

1.4405 

135.15 gm. 

16,05 gm. 

1.8 gm. 

2,74 gm./lOO gm. M.S 
15 minutes 

2 qm»/min..r Temper atxure 20Q°C 

Ref .Index 
1.4493 


6 


1,4489 



50 


Cycle 2 


7 

10 

12 

15 

18 

21 

24 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desoarption Time 

Time# minutes 

5 

6 
7 

10 

12 

16 

18 

21 

24 

Denormalized Stodk 
Product Collected 


l,44We> 

1.4470 
1.4468 
1.4434 
1.4416 
1.4410 
1.4407 
116,94 gm. 

28.47 gm. 

7.59 gm. 

5,55 gm./100gm. M.S. 

30 minutes 


Ref, Index 

1,4495 

1.4487 

1,4485 

1,4470 

1,4459 

1.4435 

1.4414 

1,4409 

1,4406 

115.72 gm. 

27 .63 gm. 
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cle 3 


cle 4 


Losses 

Adsorption Capacity 
Desorption Time 

Time, minutes 

5 

6 
7 

10 

12 

15 

18 

21 

24 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 

Time, minutes 
5 

3r 

10 


9.65 gm* 

5,73 gm./100gm. M.S. 
29 minutes 

Ref, Index 

1,4484 

1,4473 

1,4459 

1,4450 

1,4436 

1.4415 

1.4408 

1.4405 

1*4405 

119.65 gm. 

23,54 gm . 

9,81 gm, 

5.13 gm,/100 gm.M.S. 
24 minutes 

Ref, Index 

1,4469 

1.4462 


12 


1.4448 

1.4434 
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:::ycle 5 


15 

18 

21 

24 

Denormalized Stock 
Product Collected 
Losses 

Adsorption Capacity 
Desorption Time 

Time, minutes 
5 

7 

10 

12 

15 

18 

21 

24 

Denormalized Stock 
Product Collected 
liosses 

Adsorption Capacity 
Desorption Time 


1.4420 

1.4409 

1.4405 

1.4405 


125,63 

gm. 

19.30 

gm. 

8.07 

gm. 

4.21 

gm./100gm.M.S 


22 minutes 

Ref .Index 

1.4465 

1.4455 

1.4429 

1,4426 

1.4411 

1,4407 

1.4405 

1.4405 
131,10 gm* 

15,84 gm, 

6.06 gm, 

3,37 gm./10o gm.l'l.S 
19 minutes 



